The aim of the current study was to determine common physico-chemical parameters (salinity, temperature, chlorophyll-a, dissolved oxygen, and pH) of coastal water of two rocky shores from Buleiji and Paradise Point rocky shores at Karachi monthly basis, from November 2007 to April 2009. The range of air and surface water temperature of Buleji varies from 19 ºC to 30 ºC and 21ºC to 29 ºC, respectively. Almost similar air temperature and seawater temperature (19º to 29º C) were recorded at Paradise Point. Salinity ranged from 35 to 39 ‰ at Buleji while it ranged between 35 to 40 ‰ at Paradise Point. The lowest concentrations of dissolved oxygen was recorded in November'07 and November'08 at both sites, at Buleiji which were 1.6 mg/L and 1.7 mg/L while at Paradise Point it was 1.8 mg/L and 1.7 mg/L, respectively. The pH value ranged from 7.0 to 8.3 at Buleji and from 7.5 to 8.4 at Paradise Point. The concentrations of chlorophyll-a were between 1.2 and 3.7 µg cm-2 at Buleji while it ranged from 0.9 to 3.3 µg cm-2 at Paradise Point. Results showed that the obtained values of temperatures, salinity, pH and chlorophyll-a are favorable for the continued survival of marine biota but the values of dissolved oxygen were found to be below 4 mg/L which are not suitable for various species. Prolonged periods of minimal dissolved oxygen directly upset larval stages of numerous marine organisms. In Karachi coastal areas, seasonal accessibility of surface water is very responsive to the monsoon climate and physiography of coastal belt. These concerns were used to inform the common people and decision-makers about the state of the coastal environments. To protect these dynamic significant habitats, the government organizations and researchers should work with appropriate consideration.
Introduction
Hydro biological studies are the important one associated with flora and fauna of the marine and estuarine environment. Maintenance of good water quality is essential for the survival of the aquatic habitats. (Thakur Bignesh et al. 2014) . The environs contain specialized habitats like salt marshes, coral reefs and mangroves and each habitat has their specific animal community (Trivedi et al. 2012) . Physicochemical properties of the marine environment will play a dynamic role in determining the type of ecosystems (Thakur Bignesh et al. 2014) .Changes in the physicochemical parameters provide valuable information on the quality of water (Bat and Gökkurt-Baki 2014) , the sources of their differences and their effects on the functions and biodiversity of the water body (Elahi et al. 2015) . Physico-chemical and micro-biological characteristics may describe the quality of water (Priyanka et al. 2009 ). Better quality of water can be described by its physical, chemical and biological characteristics. But, some correlation was possible among these parameters and the significant one would be useful to indicate the quality of water (Manjare et al. 2010) . Estuarine and coastal areas are complex and dynamic aquatic environment DOI: 10.30897/ijegeo. (Anitha G and Sugirtha P. K 2013) . Moreover, when river water combines with marine water, a lot of physical and chemical procedures occur, this may effect on water quality (Muduli B.P and Panda C.R 2010) . Yet little information exists on temporal and spatial variation in nearshore environment. To establish the spatial and temporal variations in water quality, regular monitoring programs are required. The region of Arabian Sea adjoining the coast of Pakistanis considered as one of the dynamic areas in the world and is rich in fish and shellfish fauna.
About 1100 species of molluscs are known to occur in the northern Arabian Sea, comprising of gastropods, bivalves, cephalopods and others. Among these 30 species could be regarded as economically important on the coast of Pakistan (Moazzam and Ahmed 1994) . The 1050 km coastline of Pakistan which is divisible into Sindh and Balochistan coasts is mostly bare desert with unique land forms, such as sandy beaches, mud flats, rocky cliffs, head lands, bays, deltas, etc. The inner shelf hydrography of two sites at Karachi i.e. Buleiji and Paradise Point dominated as rocky beach with slightly different coastline location. The Sindh and Balochistan coast experiences almost the same range of temperature and rainfall, having long warm summer (21° to 39° C) and short mild winter (10° to 20° C) and rainfall is low, <250 mm annually. Temperature is a monitoring effect in the marine environment. (Odum 1971; Boyd. 1979) . It influences metabolic activities, development, nourishing, reproduction, distribution and migratory activities of aquatic organisms. (Largler et al. 1977; Suski et al . 2006) . pH as one of the dynamic environmental features decides the survival, metabolism, physiology and growth of aquatic organisms. pH is influenced by acidity of the bottom sediment and biological activities. (Lawson, E.O. 2011) . Salinity is a fundamental water quality parameter monitored by freshwater and marine ecologists because of its influence on the biota. . Salinity determines distribution of organisms in aquatic environments. (Lawson, E.O. 2011) . Boyd and Lichtkoppler (1979) reported pH range of 6.09 -8.45 as being ideal for supporting aquatic life including fish. Dissolved oxygen (DO) affects the solubility of and availability of nutrients. Its low levels can result in damages to oxidation state of substances from the oxidized form to the reduced form, thereby increasing the levels of toxic metabolites. Dissolved Carbon dioxide in aquatic environment is increased with decreases of DO (Elahi et al. 2015) . Although according to Lawson, E.O (2011) Oxygen solubility decreases slightly as salinity increases. Phytoplankton as chlorophyll-containing organisms is the first step of production in most marine processes and food chains. Chlorophyll concentration is one of the key indices in the study of the health status of any natural marine ecosystem. Very low and high levels of concentrations of chlorophyll-a can be harmful to marine biota. Chlorophyll-a concentrations can act as an indicator of phytoplankton abundance and biomass in the coastal waters. Therefore, the investigation on variations of chlorophyll-a is very important to the study of water quality and marine pollution in the Sea. It is natural for levels of chlorophyll-a to fluctuate over the different seasons (Jamshidi, S and Bin Abu Bakar, N 2011) . Physico-chemical parameters affected the primary production in different seasons; the primary production varied from season to season with the load of nutrient salts in addition to phytoplankton species (Muduli and Prasanna 2010) . The present research comprises to measure seasonally variation in physico-chemical parameters such as surface water temperature (°C), air temperature (°C), DO (mg/L), salinity (‰), pH and chlorophyll-a from two protected and non-protected rocky shores of Karachi coast.
Materials and Methods

Study Area Karachi Coast
The coast of Karachi (Figure 1 .) located on the northeastern border of the Arabian Sea is about 90 km long (Rizvi et al., 1995) . Its geographic coordinates are 24° 48' N latitude and 66° 59' E longitude. On the western side, Karachi coast is restricted by the Hub River and on its east are located the mangrove swamps and creeks of the Port Qasim area. The Lyari and Malir rivers are the seasonal streams which flow during SW monsoon (summer). At Karachi the mean annual total rainfall usually vary between 125-250 mm with average day relative humidity of 70 percent taken from Pakistan Meteorological Department. Two rocky ledges, Buleji and Paradise were selected for study, which lie adjacent to each other on Karachi coast.
Buleji
Buleji rocky ledge lies at 24° 49' N and 66° 50' E of Karachi between Hawks Bay and Paradise Point (Figure 1) , covering an area of about 800 meters. The ledge is triangular in shape and divisible into an exposed area which faces the open ocean and is under high wave action. The western protected side of the ledge is exposed to less wave action and is totally submerged on high tides. The intertidal zone of the exposed ledge consists of slightly elevated and depressed areas here and there (see appendix Plate 1). Boulders of various sizes are scattered mostly in the high tidal zone. The mid and low tidal zones are made up of rather flat rocks and comparatively smaller boulders. Different sizes of rock pools are present in mid and low tidal zones. The high tidal zone is mostly occupied by gastropods and barnacles. The mid and low tidal zones are occupied by gastropods, crustaceans (crabs, pistol shrimps and amphipod), echinoderms (sea-cucumber and sea-urchin), bivalves (mussels and oysters), etc. The ledge is rich in algal vegetation. Buleji rocky ledge is a restricted area with no access to general public as is the other study site, Paradise Point. have Rocky Mountains about 30 meters in height. In the supratidal zone a rocky mountain, 10 meters in height and 10 meters in length covered abundantly with limpets and barnacles can be seen (Plate 2). The other fauna in this area is scanty probably due to the location of Karachi Nuclear Power Plant which is operational since 1972. Paradise Point is also used by general public for entertaining purposes.
Tidal zone
Tides along the coast of Pakistan are semidiurnal, which produces unequal tides. The tidal range varies from 1.8 m to 3.2 m on the coast of Pakistan (Saifullah 1973) . The tidal range at Karachi is 2.3 m (Tariq et al. 2002) . Due to the influence of SW monsoon waves, the intertidal area remains uncovered for a shorter duration in summer than in winter. The lowest low tides occur in the afternoon in summer and early morning in winter. On the basis of tidal range each shore was arbitrarily divided into three zones, that is, low, mid and high tidal zones in the present study.
Humidity and Precipitation
The humidity in Karachi where the two rocky shores are situated varied between 57 to 82%, being relatively lower in winter than summer. The rainfall during most of the study period was either absent or almost negligible (< 0.5 mm), being highest in July and August (SW monsoon) (Figure 2 .4.).
Physico-chemical parameters
Water samples were collected every month from November 2007 to April 2009. Samples for each site collected in the intertidal area during the high tide time. The care was taken of the collected samples during the carrying to the laboratory for the further parameter analysis. Physicochemical properties of water were verified according to the standards of the American Public Health Association (APHA 2005) .
The common Physico-chemical parameters of water (temperature, pH, salinity, total DO and chlorophyll-a) have been determined. To compare the data for seasonal variations, the months between November to February and between May to September are referred as northeast monsoon (winter) and southwest monsoon (summer), respectively. The months between March to April and October are the transition periods between two seasons, referred as spring inter-monsoon and autumn inter-monsoon, respectively.
Air temperature
Temperatures were measured directly by with mercury-in-glass thermometer. For the samples of air temperature, the thermometer was held up right in the air with the fingers and with the lower part exposed to the air for about 4-5 min.
The average values for air and water temperatures were recorded as degrees centigrade (°C).
Water temperature
The samples of water collected directly from the location. The water temperature were measured at the sampling point with mercuryin-glass thermometer, which was immersed in water 6 cm below the water surface and left to stabilize for 5 min. Water temperatures were recorded as degree centigrade (ºC).
Salinity (‰)
The salinity was measured in the field by Handheld Refractometer (Atago, S/Mill-E).
DO (mg/L)
For measuring dissolve oxygen the water sample was fixed in 300 ml dark glassstoppered bottle and was measured in the laboratory by YSI DO 200/Eco Sense Oxygen Meter.
pH
The pH was determined by THOMAS SCIENTIFIC TS 625 pH Meter in the laboratory.
Chlorophyll-a
Three rock chips (2 cm 2 ) were randomly collected using chisel and hammer. The chips were transferred to the laboratory in dark box.
The chlorophyll-a was extracted from each sample using the cold methanol method (HMSO, 1986) , where each chip was transferred to 12 ml methanol and were stored at 4° C for 24-hin dark. The extract was filtered and measured using spectrophotometer (MODEL S-20, BOECO, GERMANY) at 665 nm and 750 nm.
Chlorophyll-a concentration was measured using the equation 
Results
The air temperature fluctuated from 19º to 30º C and seawater temperature extended from 21º to 29º C at Buleji (Figure 2 ). Almost similar air temperature (19º to 29º C) and seawater temperature (19º to 29º C) variations were recorded at Paradise Point (Figure 2 ). Throughout the study period air temperature was lowest (average 21.5 ± 1.90 º C) in winter (NE monsoon) and highest in summer or SW monsoon (average 26.4 ± 2.88º C). The seawater temperature was also lowest in NE monsoon (average 24.5 ± 1.29º C) with impulsive increase in spring inter-monsoon (average 28.0 ± 0.00º C) and remained high during the summer (average 27.2 ± 1.30º C) ( Table 1) . Virtually a similar association of seasonal variation in air and surface water temperatures was observed at Paradise Point (Table 1) .
Virtually a similar association of seasonal variation in air and surface water temperatures was observed at Paradise Point (Table 1 ). The analysis of variance showed no significant difference between seawater temperatures (ANOVA, F = 0.292; P > 0.05) at two sites. There was significant correlation between air and seawater temperatures (r = 0.832; P = 0.01; n= 18) at Buleji and (r = 0.880; P = 0.01; n= 18) at Paradise Point (Table 2) . Salinity ranged from 35 to 39 ‰at Buleji while it was between 35 and 40 ‰ at Paradise Point (Figure 3 ). Although the salinity did not differ much throughout the year, the lowest salinity was recorded in the SW monsoon, at both sites ( Table 2 ). The lowest concentrations of dissolved oxygen 1.6 mg L -1 and 1.7 mg L -1 was recorded in November'07 and November'08at Buleji, respectively (Figure 3 ). The analysis of variance showed no significant difference between salinity (ANOVA, F = 0.093; P > 0.05) at two sites. The lowest concentrations of dissolved oxygen were also recorded in the same two months at Paradise Point (Figure 3 ). There was a seasonal pattern in the concentration of dissolved oxygen at Buleji, being highest (3.7 ± 1.36 and 3.6 ± 1.30 mg L -1 ) in NE monsoon and lowest (2.2 ± 0.00 mg L -1 ) in autumn inter-monsoon (Table  1) . However, this seasonal pattern of dissolved oxygen concentration was not so evident at Paradise Point (Table 1 ). According to Soundarapandian et al. (2009) the variation in the DO concentration is due to many factors such as photosynthesis and respiration. While Manasrah et al. (2006) observed in the uppermost waters, where the temperature rises above 25 C, oxygen concentrations may decrease as a result of the lower solubility of oxygen in warmer seawater. In the present study during the NE monsoon seasons the lowest sea water temperature 24.5 ± 1.29 recorded with high concentration of DO 3.6 ± 1.30 at Buleiji. High temperature causes the oxygen to be relatively low (Badran 2001) . The concentration of dissolved oxygen varied from 1.6 to 4.6 mg L -1 at Buleji (Figure 3 ). The analysis of variance showed no significant difference between concentrations of dissolved oxygen (ANOVA, F = 0.529; P > 0.05) at two sites. There was significant correlation between concentrations of dissolved oxygen and chlorophyll-a (r = 0.889; P = 0.01; n= 18) at Buleji and (r = 0.761; P = 0.01; n= 18) at Paradise Point (Table 2 ). The analysis of variance showed no significant difference between pH (ANOVA, F = 0.284; P > 0.05) at two sites. The pH value ranged from 7.0 to 8.3 at Buleji and from 7.5 to 8.4 at Paradise Point (Figure 3) . Though no seasonal pattern was evident in the pH value at two sites, however, it was comparatively higher in autumn inter-monsoon and NE monsoon (Table 1) . The concentration of chlorophyll-a varied from 1.2 to 3.7 µg cm -2 at Buleji while it ranged between 0.9 to 3.3 µg cm -2 at Paradise Point (Figure 3 ).
There was a seasonal pattern in the concentration of chlorophyll-a being comparatively higher in spring inter-monsoon and NE monsoon at both sites (Table 1) . There was a significant correlation between pH and dissolved oxygen at both sites ( Table 2 ).
The analysis of variance showed significant difference between chlorophyll-a (ANOVA, F = 4.532; P < 0.05) concentration at two sites, being higher (average 2.9 ± 0.69 µg cm-2) at Buleji than at Paradise Point (average 2.4 ± 0.61 µg cm-2). The concentration of chlorophyll-a was positively correlated to concentration of oxygen and pH (Table 2) at both sites. 
Discussion and Conclusion
Life of all marine organisms depends on water quality of the coastal environment. Water quality indices are the basic tools to sketch out the environmental or ecological condition of a water body and to simplify the presentation of results. Most considerable physical and chemical factors which greatly influence the aquatic environment are temperature, pH, salinity, carbon dioxide and dissolved oxygen. Usually the growth of aquatic organisms is not directly influenced by temperature but it can cause some indirect effects. Temperature may be the one of the reason of thermal stratification in the oceans (Elahi et al. 2015) . The normal range of the temperature to which fish is adapted is between 8°C and 30°C . In the present study the air temperature ranged from 19 to 30 C and seawater temperature ranged from 21 to 29 C at both the stations (see Figure 2) . These ranges are desirable and optimum for the growth of marine organisms. Another fundamental physico-chemical parameter is salinity which affects biota greatly. Mostly aquatic life restrains its ionic balance and osmotic pressure to a limited range of salinity. Generally, the range of salinity of euhaline seas is from 30 to 40 ‰. In the present research trial, salinity ranged between 35 to 39 ‰ at Buleji and 35 to 40 ‰ at Paradise Point (see Figure 3) . Although the salinity did not differ much throughout the year, the lowest salinity was recorded in the SW monsoon, at both sites (see Table 1 ). Among the key variables of water quality parameters, pH is the important one. Quality of water is greatly influenced by the change in pH and these changes are accompanied by the variations in other various physico-chemical aspects. Abowei (2010) observed that ideal pH for biological productivity is between 7.0 to 8.5, while less than 4.0 is harmful for marine organisms Optimal range of pH for fish recommended by 2014) is from 6.5 to 8.5.
In the present study the pH value ranged from 7.0 to 8.3 at Buleji and from 7.5 to 8.4 at Paradise Point (Figure 3 ). Though no seasonal pattern was evident in the pH values at two sites, however, it was comparatively higher in autumn inter-monsoon and NE monsoon ( Table  1) . The values of pH from both locations were found to be under permissible limit (pH 6.5-8.5) for the growth of aquatic life.
The most important factor for the development, physiological activities and continued existence of aquatic life is the amounts DO in water (Solis 1988) . Several scientific studies suggest that DO between the range of 4-9 mg/L is most favorable to support a large, diverse fish population (Abdus-Salam et al. 2010) . Depending on the species, minimum requirements of dissolved oxygen may range from 4 mg/L to 1 mg/L (Solis 1988) . Striped bass, American shad and white perch thrive in levels more than 5 mg/L. (Ramanathan, et al. 2005) . Billfish is not found in waters with less than 3.5 mg/L of DO, while marlins and sailfish require minimum DO of 1.5 mg/L (Courtney and Brodziak 2010) . Significant ecological parameters for tuna are the sea surface temperature, the quantity of dissolved oxygen in the water and the salinity. Lower thermal limits vary between 10°C for temperate tunas and 18°C for tropical tunas. The minimum oxygen necessity is estimated between 2 to 2.7 ml/l for principal market tuna species except for bigeye tuna which can tolerate oxygen concentrations as low as 0.6 ml/l (FAO 2000) .Fishes start to leave areas where DO is less than 3.7 mg/L (EPA 2000). Invertebrates organism also disappear at the level lower than 2.0 mg/L, and less than 1 mg/L value of DO reduced growth of benthos (EPA 2000) . Mussels, oysters and clams require a minimum of 1-2 mg/L of dissolved oxygen despite being bottom dwellers (EPA 2000) . In the present study the lowest concentrations of dissolved oxygen 1.6 mg L -1 and 1.7 mg L -1 were recorded in November'07 and November'08, respectively at Buleji and Paradise Point (see Figure 3 ). There was a seasonal pattern in the concentration of dissolved oxygen at Buleji, being highest (3.7 ± 1.36 and 3.6 ± 1.30 mg L -1 ) in NE monsoon and lowest (2.2 ± 0.00 mg L -1 ) in autumn inter-monsoon. However, this seasonal pattern of dissolved oxygen concentration was not so evident at Paradise Point (Table 1 ). The solubility of oxygen declines as temperature and salinity increase. DO criteria may be used appropriately in a risk assessment framework (EPA 2000) . Extended periods of minimal DO directly affect larval stages of various aquatic organisms adversely . According to EPA that if DO is more than 4.8 mg/L, the site fulfills objectives for protection, but if it is less than 2.3 mg/L, the location does not fulfill objectives for protection. On the other hand, the values r in between these, suggests that the location requires assessment to measure intensity of hypoxia and aquatic life safety measures (EPA 2000) .The concentration of chlorophyll-a varied from 1.2 to 3.7 µg cm -2 at Buleji, while it ranged between 0.9 to 3.3 µg cm -2 at Paradise Point (Figure 3 ).
Seasonal pattern in the concentration of chlorophyll-a was observed being comparatively higher in spring inter-monsoon and NE monsoon at both sites (Table 1) , same as Dey and Singh (2003a) observed the higher chlorophyll concentration during the northeast monsoon compared to those during the pre-and post-monsoon period and also in the coastal water compared to the open ocean. They also observed higher chlorophyll concentration in the northern Arabian Sea is attributed with the winter cooling phenomena during the months of January to March. Vice versa the results of Jamshidi and Bin Abu Bakar (2011) found the greater concentrations of chlorophyll-a in midsummer than other seasons due to layers on the sea surface receive sufficient amount of sunlight in summer. Moreover besides the extent of light, nutrient concentrations and assimilation of the adjacent coastline also influence on chlorophyll-a. At both study sites chlorophyll-a concentrations altered with the aspects that affect phytoplankton growth. Due to the presence of chlorophyll content (Chauhan et al. 2001) observed that the northeastern part of the Arabian Sea is one of the high productive zones.
Conclusively, presented data in this manuscript provide a preliminary knowledge on the physicochemical properties content at two rocky shores; Buleiji and Paradise Point located at Karachi coast. The obtained values of temperatures, salinity, pH and chlorophyll-a are favorable for the continued existence of biota and they are within the recommended values of the World Health Organization (WHO) and Environmental Protection Agency (EPA). The values of dissolved oxygen were found to be below 4 mg/L which are not suitable for various species. Extended periods of minimal DO directly affect larval stages of various aquatic organisms adversely. In Karachi, seasonal accessibility of surface water is vastly reactive to the monsoon climate and physiography of coastal belt.
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